Exposure to inhalable particulates and dermal exposure to cyclohexane soluble matter (CSM) were evaluated in seven rubber manufacturing companies in 1988 and 1997. The identi®ed exposure trends were used to study the eectiveness of control measures implemented over a nine-year period. Sampling and analytical methodologies were identical in both surveys. Inhalable particulate exposure was measured with a PAS6 sampling head. Dermal exposure was assessed by means of a dermal pad sampler worn at the lower wrist of the hand of preference. Changes in working organization and control measures taken after 1988 were identi®ed based on discussions with management representatives and two walk-through surveys performed in 1994 and 1997. Exposure data were aggregated for comparison between years both at company and production function level. The mixed eect statistical procedure was used to evaluate the in¯uence of control measures and seniority on current exposure levels. Comparison of the exposure levels between 1988 and 1997 revealed a reduction rate of 5.7 and 6.7% per year for inhalable particulate and dermal exposure, respectively. Companies and production functions with the highest exposure levels in 1988 and workers with seniority (more experience) showed a steeper decline in exposure levels. Fifty-seven control measures, mostly designed to control the levels of inhalable exposure were identi®ed. Elimination of sources signi®cantly reduced the inhalable particulate and dermal exposure by two-thirds of the level of 1988. Reduction of emission did not show a signi®cant overall decrease in exposure concentrations. Control measures designed to control the levels of contaminants showed a signi®cant reduction for both inhalable and dermal exposure, respectively 34 and 49% of the exposure level of 1988. These results indicate that eorts taken to improve work conditions in the rubber manufacturing industry in The Netherlands over this decade have been successful in reducing both inhalable particulate and dermal contamination. 7
INTRODUCTION
Epidemiological studies among workers employed in the rubber manufacturing industry have indicated a signi®cant excess cancer risk in a variety of sites (IARC, 1982; Kogevinas et al., 1998) . Although, several associations between exposures and observed cancer risks have been hypothesized, it has in general not been possible to identify speci®c agents for the majority of observed cancer risks.
General reviews of environmental contamination, conducted in the late 1970s and early 1980s in the USA and UK, focused on inhalable particulate exposure to rubber dust and fumes and solvents (Parkes et al., 1975; Williams et al., 1980) . Later on, more speci®c surveys were conducted for exposure to nitrosamines and several polycyclic aromatic hydrocarbons (Spiegelhalder and Preussmann, 1982; Oury et al., 1997; Fracasso et al., 1999) . These industry-wide cross-sectional surveys described the exposure levels throughout the industry and the in¯uence of control measures on the inhalable particulate exposure levels. Little attention has been paid to dermal exposure in this particular industry, although dermal exposure was found to be an important contributor to the total genotoxic dose (Bos et al., 1989) .
Only one large-scale exposure survey systematically studied dermal exposure to cyclohexane soluble matter (CSM) in the rubber industry (Kromhout and Swuste, 1990) . This study showed that the amount of CSM on the skin of hands and wrists was higher than the amount inhaled. Depending on the speci®c situation in a factory and the use of protective devices for skin contamination, the amount available for uptake through the skin could be up to tenfold higher than through inhalation (Kromhout et al., 1994) .
In 1988 a large project for workplace improvement in the rubber manufacturing industry in The Netherlands was carried out. Based on empirical modelling of the inhalable particulate and dermal exposure, exposure-aecting factors were identi®ed for which working conditions could be improved (Kromhout et al., 1994) . These results were subsequently used in a covenant for improvement of working conditions in the Dutch rubber manufacturing industry entered into by the Ministry of Social Aairs and the social partners (Convenant, 1995) .
Five years after the initial survey the implemented control measures were evaluated. The greatest eort had been taken in reducing and eliminating dust hazards. However, almost no attempts were made to control exposure to curing fumes and exposure to dermal contaminants (Swuste and Kromhout, 1996) . Whether these control measures were eective or not could not be further substantiated as no quantitative exposure data were available.
This study was performed to evaluate current exposure to inhalable particulates and dermal exposure to cyclohexane soluble matter (CSM) in seven out of ten companies that were originally surveyed. The paper describes exposure trends in inhalable particulate and dermal exposure and the eectiveness of control measures taken in the last decade. All measures and changes in the production process a priori assumed to result in reduced exposure levels (inhalable particulate and dermal CSM contamination) were regarded as control measures. Eectiveness of the control measures was studied with a simple conditional hierarchical linear mixed eect model allowing estimation of ®xed and random eects simultaneously.
MATERIAL AND METHODS
Exposure information collected in two industrywide surveys in the rubber manufacturing industry in The Netherlands was used in this study. The initial survey was completed in 1988 (Kromhout and Swuste, 1990; Kromhout et al., 1994; Kromhout and Heederik, 1995) and the second survey in 1997.
Study population
Companies involved in the initial exposure survey formed a representative cross-section of the rubber manufacturing industry in The Netherlands (Kromhout et al., 1994) . The companies (two rubber tyre, two retreading and six general rubber goods companies) were approached to participate in the second survey of which seven agreed to do so. Of the three companies that did not take part in the second survey, two companies had merged and subsequently moved to another location and one company refused to co-operate as a result of a major re-organization. The general characteristics of the companies studied are presented in Table 1. A random sample of the total workforce in each company was selected, strati®ed by production function and job in both surveys. Subjects present in both surveys and who still worked in the same production function were identi®ed as more experienced workers (seniority).
Exposure measurements
In 1988 measurements were carried out on random days during the course of a one week period (Tues.±Fri.), resulting in two to three repeated inhalable particulate and dermal exposure measurements per subject. A slightly dierent exposure strategy was employed in 1997 where three repeated personal exposure measurements per subject were collected on three consecutive days within one week (Tues., Wed. and Thurs.). Measurements were taken in the same period of the year 21 week) to minimize the eect of dierences in meteorological conditions.
Sampling and analytical methodologies were kept the same for both surveys as previously described by Kromhout et al. (1994) . Personal inhalable particulates were measured with a PAS6 sampling head mounted near the breathing zone of the worker (ter R. Vermeulen et al. 344 Kuile, 1984; Kenny et al., 1998) . Personal dermal exposure was measured by means of a dermal pad sampler. The pad sampler consisted of 24 layers of cotton 3 Â 3 cm and was worn on the lower part of the wrist of the hand of preference (Durham and Wolfe, 1962; Kromhout et al., 1994) . Cyclohexane soluble matter (CSM) on the pad sampler was determined by means of the NIOSH P CAM 217 method (NIOSH, 1977) . The pad was placed into cyclohexane and soni®cated for 30 min after sampling. The suspension was consequently ®ltered through a glassintertube G4 (Allihn) and collected in a pre-weighed 10 ml vial. After evaporation of cyclohexane under nitrogen and subsequently 2 h drying at 408C the residue was weighed by means of a microbalance.
Evaluation of control measures
Changes in working organization and control measures taken after 1988 and a priori assumed to result in reduced inhalable particulate and dermal exposure levels were inventoried in 1994 and 1997. On both occasions changes were discussed with management representatives and a walk-through survey in each company was carried out, using company-speci®c reports of the initial survey as a basis. Control measures were categorized by two dierent classi®cation schemes; one related to the production process, and another one related to the type of control measures (Swuste and Kromhout, 1996) . For the production process the design analysis was used, dividing a production process into its key activities: production function, production principle and production form. Production function is analogous to the unit of operation and divides the production process into its core activities (for example weighing, curing, etc.). The general principle by which the production function is achieved is described by the production principle (for example manual or mechanical driven operations). The production form relates to the actual design of the installation or machine (materials, tools and machines used) (Swuste et al., 1993) .
The type of control measures was divided into source-oriented and exposure-oriented measures, using the division of elimination and reduction of emission (source-oriented) and control of level of exposure and personal protective equipment (exposure-oriented).
Statistics
Exposure data were aggregated for comparisons between years at both company and production function level. Exposure concentrations were successively averaged for each worker (arithmetic mean of repeated individual measurements), for each production function within each company (median of individual means) and eventually for each production function or company (median of production function or company medians) (Fig. 1) .
Within-and between-worker components of exposure variance were estimated from the log-transformed exposure concentrations employing a oneway nested random-eects ANOVA model. Variance components were estimated for each company production function combination.
The mixed eect procedure of SAS systems for Windows (version 6.12) (Little et al., 1996) was used to evaluate the eectiveness of the control measures and to quantify the in¯uence of seniority on current exposure levels. As workers were nested within a production function and company a conditional hierarchical linear model was used (Bryk and Raudenbush, 1992) . The model used to study the ®xed and random eects is described by the following expression:
is the logarithm of the exposure concentration measured at the jth day j 1, 2, F F F , n ghi of the ith worker i 1, 2, F F F , k gh in the gth production function g 1±8 of the hth company h 1±7); m gh is the true underlying mean of log- To estimate the ®xed eect of the separate or categorized control measures dummy variables were used in the above model for each measure taken b 1 , F F F , b n ). As the 1988 survey served as a`baseline' the control measures were only assigned, if appropriate, to the individual observations of the 1997 survey. As the pad sampler was directly attached to the lower wrist, the use of gloves and towels in both the 1988 and 1997 surveys could possibly have aected dermal exposure measurements. Therefore, the use of dermal protection was included in the mixed eect model. Workers were assigned a unique id-code for each of the surveys. Seniority was assigned to the observations in 1997 when a subject had participated in the previous survey.
Variance components derived from the mixed eect models were estimated by the Restricted Maximum Likelihood (REML) method. It is assumed that w gh(i ) and e gh(ij ) are normally distributed with zero mean and variance s Explained variance of the used models was estimated using the mixed eect model without the ®xed eect variables for the implemented control measures and seniority but with inclusion of a dummy variable for sampling period as a random eect as the reference. Explanation of the period variance component by the studied ®xed eects is consequently treated as explained variance of the observed changes in inhalable particulate and dermal exposure.
RESULTS
Rubber manufacturing in The Netherlands has always been a relatively small industry with a main activity in custom-made technical rubber goods. In 1988 employment totalled about 7000 workers, which decreased over the years to about 4000 workers in 1997. In contrast to the overall industry statistics the companies in the presented survey showed reasonably stable employment ®gures ( Table 1 ). The bicycle and moped tyre company formed an exception as it had moved a large part of its production to low income countries resulting in a 28% reduction of the workforce over the nineyear period. Of the 750 production workers, 240 subjects (32%) were monitored in 1988 while in 1997, 24% (154 subjects) of the workforce in the companies were studied.
In total 57 control measures for inhalable particulate and dermal exposure were identi®ed ( Table 2 ). Most of these control measures were implemented in the production functions`compounding and mixing',`moulding' and`curing' and were mainly directed towards the control of exposure. Furthermore, measures were mainly taken at the production form level (79%), followed by control measures that interfered with the production function (16%). Control measures at the production principle level, mainly related to the distance between worker and source, were only applied in three instances. Fig. 1 . Aggregation of exposure data for comparison between years at both company and production function level. Exposure concentrations were successively averaged for each worker (arithmetic mean of repeated individual measurements), for each production function within each company (median of individual means) and eventually for each production function or company (median of production function or company medians). Number of measurements and subjects available in each survey in parentheses for both inhalable particulate (inh) and dermal exposure (derm). Table 2 . Control measures taken since 1988 for inhalable particulate and dermal exposure by production function categorized by two classi®cation schemes, respectively related to the key activities and to type of control measures. Number of companies that introduced a particular control measure in parentheses Exposure to inhalable particulate and dermal contamination 347
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The use of personal protective devices as a control measure was evaluated based on the information gathered at the time of measurements (Table 3 ). In both surveys approximately 5% of the workers wore some kind of respiratory protective device during the exposure measurements. Even at production function level the use of respiratory protection did not dier much, except for the engineering services where the use of welding masks had increased. The same overall view was observed for the use of dermal protective devices, which were worn during approximately 45% of the dermal exposure measurements. The only noteworthy dierence was the decreased usage of towels as dermal protection particularly in the curing departments.
For comparison of the inhalable particulate exposure levels between the two surveys 903 repeated measurements were used n 88 486, n 97 417). at the`curing' department to 2.24 mg m À3 at the`compounding and mixing' department (Table 5) .
In total 1025 n 88 579, n 97 446 dermal exposure measurements gathered from 393 workers k 88 239, k 97 154 workers were used in the comparison of the two surveys. Median dermal exposure to CSM ranged from 41 to 128 mg cm À2 per 8 h in 1988 to 38±77 mg cm À2 per 8 h in 1997 across companies. Five out of the seven companies showed a decrease in dermal exposure levels ranging from 18 to 72 mg cm À2 per 8 h. The two remaining companies showed a small increase of 3 and 14 mg cm À2 per 8 h, respectively (Table 6 ). Across production functions a small increase in exposure range was observed between 1988 and 1997, respectively 32± (Table 7) . While a decrease in dermal exposure levels was found for the production functions`compounding and mixing',`pre-treating',`moulding', curing' and`®nishing' varying from 24 to 109 mg cm À2 per 8 h, an increase was found for`engineering',`laboratory' and`shipping' ranging from 5 to 46 mg cm À2 per 8 h. The reduction in mean inhalable particulate and dermal exposure levels had a considerable eect on the variability in exposure concentrations of workers grouped by company and production function combination. For inhalable particulate exposure a decrease in both the between-and withinworker variance was observed. While for dermal exposure an increase in both variance components was observed (Table 8) .
In Table 9 the in¯uence of control measures on inhalable particulate and dermal exposure levels are shown. Model 1, based on the classi®cation of type of control measures, explained respectively 83 and 29% of the observed reduction in inhalable particulate and dermal exposure. Another model (model 2), in which all control measures were included as dummy variables explained slightly less of the reduction in inhalable particulate exposure (80%) but explained more of the observed decline in dermal exposure levels (40%).
The estimated coecient (b ) for the control measures derived from the mixed eect model yielded a factor for the relative exposure (RE ) in a situation with a particular measure present. Elimination of a source was found to be the most eective control measure eciently reducing both inhalable particulate and dermal exposure levels by 67 and 66%, respectively. Measures to control the level of exposure reduced the inhalable particulate and dermal exposure levels by 34 and 49%, respectively. Reduction of the emission did not reveal a statistically signi®cant decrease in exposure levels.
Investigation of speci®c control measures (model 2) showed a signi®cant reduction in inhalable particulate exposure levels as a result of automation of the production process RE 0X22, P`0X0001), closing of department RE 0X28, P`0X10), installing empty bag compactors RE 0X36, P`0X10 and reduced use of anti-tacking agents RE 0X57, P`0X10). Dermal exposure to CSM was successfully reduced by instalment of empty bag compactors RE 0X26, P`0X05), closing of department RE 0X28, P`0X05), reduced use of anti-tacking agents RE 0X34, P`0X0001), instalment of local exhaust ventilation RE 0X68, P`0X05 and use of cold feed extruders instead of warm up mills RE 0X54, P`0X10).
Inclusion of an interaction term for control Number of companies within a particular production function available in both surveys. measures and company production function combination showed statistically signi®cant eects for elimination of the source and control of exposure, automation, empty bag compactors and reduced use of anti-tacking agents in relation to inhalable particulate exposure. For dermal exposure, statistically signi®cant interaction terms for control measures and company production function combination were found for elimination of the source and control of exposure, local exhaust ventilation and reduced use of anti-tacking agents (results not shown).
In the mixed eect model, used to study the in¯u-ence of control measures on dermal contamination, the use of dermal protection equipment (e.g. gloves) was included in the model as these devices could have aected dermal exposure measurements. Overall the use of gloves and towels showed a signi®cant decrease in dermal exposure levels RE 0X80, P`0X10 for both the 1988 and 1997 surveys. However, inclusion of an interaction term for dermal protective equipment and company production function combination was found to be statistically signi®cant. Investigation of the underlying estimates revealed both decrement and increment of dermal exposure levels in combination with the use of dermal protective equipment.
Besides the in¯uence of control measures on current exposure levels in the rubber manufacturing industry the possible in¯uence of seniority was studied. Of the 154 subjects participating in the 1997 survey, 49 workers had also participated in 1988. Investigation of the age of these workers at the time of the 1997 survey, showed a signi®cant increased age of approximately 9 years between workers with or without assigned seniority (t-test, P`0X0001). Assigned seniority was found borderline statistically signi®cant negatively associated with the level of inhalable particulate exposure P 0X06), indicating that workers with more work experience were more successful in reducing their inhalable particulate exposure than their colleagues with less familiarity with the production process. Examination of the actual tasks performed by these subjects in both surveys revealed that subjects with seniority had reduced the number of tasks which were statistically associated with high inhalable exposure levels in the 1988 survey (Kromhout et al., 1994) by about 8%. The association between seniority and reduced exposure levels was, however, not con®rmed for dermal exposure to CSM.
DISCUSSION
It is generally believed that exposures to airborne contaminants have decreased over the last decades. This long believed paradigm in occupational hygiene was recently con®rmed by Symanski et al. (1998a, b) in a large comprehensive evaluation of long-term trends in occupational exposures. Estimates of reduction rates for airborne exposures showed typically downwards trends at rates between Number of companies within a particular production function available in both surveys. Median of variance components grouped by company and production function combination, range of variance component in parentheses. R. Vermeulen et al. 350 4 and 14% a year, with a median value of 8% for datasets with a signi®cant downward trend.
Unfortunately, not only levels of exposure dier over the years but also the methodologies used to quantify the exposures, hampering the analyses of time trends in occupational exposures. Moreover, information about changes in the work environment and process conditions is often lacking. As a result observed time trends are most likely aected by factors other than the actual decrease in exposure levels (Symanski et al., 1998a) . This paper describes exposure conditions in the rubber manufacturing industry in The Netherlands encountered in the last decade. The study consisted of two cross-sector surveys performed in 1988 and 1997. Companies, analytical and sampling methodologies were kept identical in both surveys. This enabled direct comparison of the exposure situations in both years. Only one minor dierence in sampling strategy between the two surveys was present. In the 1988 exposure survey, all measurements were performed on random days while the exposure survey in 1997 was carried out on ®xed days of the week. However, as no signi®cant day±eect was observed in the 1988 data (Kromhout et al., 1994) , this will probably have had little to no eect on the comparison of the observed exposure levels.
As exposures in the rubber manufacturing industry are classi®ed as exposure circumstances that are carcinogenic to humans (IARC, 1982 ) the ALARA principle in exposure management should be employed. Therefore, the obligatory eort to reduce the exposure to levels that are as low as reasonably achievable automatically implies that every reduction in exposure levels is relevant at all times. Furthermore, as no relevant occupational exposure limits exist for the particular inhalable and dermal exposure circumstances under study, at least in The Netherlands, exposure levels are only compared between the two surveys and not relative to an OEL.
Comparison of the exposure levels between 1988 and 1997 revealed a signi®cant drop of 41% in inhalable particulate exposure levels over all companies and production functions. Assuming a constant relative decrease of exposure over the years in between the exposure surveys the rate of reduction is approximately 6% per year. This observed decline rate is comparable to the rates found in the study of Symanski et al. (1998a) , although a decline rate of 6% is on the lower side of the decline rate ranges, especially when one takes into account that the data were collected in Western Europe, in manufacturing, for aerosol contaminants and after 1972. These were all identi®ed as factors that caused a more rapid decline in particulate exposures (Symanski et al., 1998b) . Whether the lower decline rate is a consequence of speci®c circumstances within the rubber manufacturing industry in The Netherlands, or the described decline rates in the comprehensive evaluation are an overestimation of the true reduction rates, is unknown. As Symanski et al. (1998b) indicated, changing sampling strategies from worst case to a more random approach would indeed yield an overestimation of the actual decline rate (Olsen et al., 1991; Olsen, 1996) . Remarkably, an almost identical drop of 47% in dermal exposure levels was found over the nineyear follow-up period, resulting in a decline rate of approximately 7% per year. As no other data are available on time trends in dermal exposures, at least to our knowledge, no comparison with the literature can be made. The results are extremely interesting as it is often hypothesized that because of declining airborne exposure levels the dermal exposure route is becoming increasingly important (Fenske, 1993; Fiserova-Bergerova, 1993) . The presented results of this study do not support this hypothesis.
Companies with the highest inhalable exposure levels in 1988 were found to be most eective in reducing the exposure levels. As a result the range of inhalable particulate exposure levels between companies was signi®cantly reduced compared with the initial survey. The same phenomenon was observed when inhalable exposure levels were aggregated at production function level. The largest reductions in exposure levels were observed in front processing. As a result the large dierences in airborne particulates formerly observed between workers in front and back processing are apparently something from the past . Consequently the reduction in inhalable exposure levels resulted in a signi®cant drop in the betweenand within-worker variance component when grouped by company and production function. This indicates that especially workers with formerly high inhalable particulate exposure levels were able to eectively reduce their personal exposure to airborne contaminants. This drop in the between-and within-worker variance component was not observed for dermal exposure, instead an increase was observed. These results imply that although an overall reduction in dermal exposure levels was achieved exposure circumstances were not steadily controlled which would have resulted in a decrease in the variance components.
Fifty-six per cent of the control measures taken since the initial survey in 1988 focused on the control of exposure, whereas engineering controls interfering with the emission of contaminants were less common. Control measures designed to eliminate the source of contamination were especially sparse (12%). An investigation by the Labour Inspectorate in The Netherlands revealed that 76% of the control measures taken in industry were designed to control the level of exposure; the remaining measures were taken at the source of emission (e.g. elimination and reduction) (Spee et al., 1990) . The ®gures derived from the present survey indicate that within the rubber manufacturing industry relatively more eort has been paid to reduce or eliminate sources of emission than on average in industry (44 and 24%, respectively).
However, almost 80% of the control measures were taken at the production form level. These control measures are predominantly the`add-on' type of measures or`retro®t' solutions (e.g. changes or alterations to existing equipment) which are believed to have very limited eect in controlling the exposure to particulates, mainly due to inadequate construction and maintenance schemes (Swuste et al., 1993) . Furthermore, virtually all control measures taken were directed towards exposure to inhalable particulates. Control measures especially designed to reduce dermal contamination were scarce (7 out of 57). The absence of dermal occupational exposure limits (Fenske, 1993; Bos et al., 1998) and the limited evidence of the relevance of dermal uptake in the rubber manufacturing industry (Bos et al., 1989; Kromhout et al., 1994) apparently did not encourage the industry to take adequate control measures in this period. Nevertheless, a reduction of approximately 47% in dermal exposure concentrations was achieved.
Evaluation of the eectiveness of implemented control measures showed that all control measures resulted in a decline in both inhalable particulate and dermal exposure levels. Exceptions to this rule were automation, which only reduced the inhalable exposure, and the introduction of cold feed extruders, which only reduced dermal contamination but increased inhalable exposure levels. Automation separates workers from the source and as a result reduces the emission of contaminants in the direct surroundings of the worker. However, manual handling of the materials and products still occurs at the start and end of the production process. Empirical modelling of the chemical exposures in the 1988 survey revealed that tasks with frequent contact with warm compound resulted in high dermal exposure (Kromhout et al., 1994) . The introduction of cold feed extruders instead of heating mills followed by extrusion would therefore diminish the contact with warm rubber and as a result cause a decline in dermal contamination. However, the pre-mixed rubber compounds used for the cold feed extruders are treated with anti-tacking agents, which are in turn associated with higher inhalable particulate exposures.
Elimination of the source was found to be the most eective type of control measure, with closing down the mixing department as the most prominent underlying control, resulting in a 72% drop in inhalable particulate and dermal exposure levels. Conversely, on a more global scale the reduction in exposure levels by elimination of departments is questionable, as it is merely a transfer of high ex-R. Vermeulen et al. 352 posure situations to another facility or country. Whether the concentration of mixing activities will result in a decrease in exposure levels and number of workers exposed remains to be seen.
Introduction of dust free chemicals was believed to be an important measure to reduce inhalable particulate concentrations in the mixing departments. Although a relative exposure of less than one was observed for this particular control measure no statistically signi®cant reduction in exposure levels was observed. Kromhout et al. (1994) postulated that the absence of large dierences in exposure levels between front and back processing workers in the 1988 survey was due to the replacement of chemicals in the form of powders by chemicals in other forms. Although this replacement continued after 1988, the main eect of introducing non-powder forms of chemicals had probably occurred before the initial survey.
A third important measure was the phasing-out of powdered anti-tacking agents by either anti-tacking foils or liquid anti-tacking agents. That this control measure also eectively reduced the dermal exposure levels to cyclohexane soluble matter is remarkable. However, anti-tacking agents like talc, zinc stearate and chalk have been shown to contribute to higher CSM levels in exposure samples containing vast amounts of these anti-tacking agents (HSE, 1985) . The reduced use of these agents could therefore have reduced the dermal exposure level to CSM.
Identi®cation of signi®cant interaction terms between several control measures and company production function combinations indicate that the eectiveness of a certain control measure depends on the actual situation and design of the workplace. Therefore, results regarding the eectiveness of certain control measures can give guidance but cannot be used as a rule of thumb.
Seniority has been shown to in¯uence exposure levels both in the upward and downward direction (Thind et al., 1991; Kromhout and Loomis, 1996) . In this study seniority showed a possible association with reduced inhalable particulate exposure levels but no association was found between work experience and dermal exposure. The criteria used for seniority in this study were not based on actual information about the work history but were assigned to subjects present in both surveys and still working in the same production function. Therefore, misclassi®cation of workers who did not participate in the 1988 survey but who were selected in the 1997 survey could have occurred. However, as most companies were relatively small a fair amount of the total population that worked in those companies was sampled in both 1988 and 1997. As a result misclassi®cation due to the fact that subjects were initially not selected seems unlikely. Furthermore, a nine-year dierence in mean age was observed between subjects with and without seniority, while for the total population no dierences in mean age between the two surveys was found. This indicates that indeed these subjects were the eldest workers in the company with at least nine years of workpractice. The observation that seniority at the same time did not show a signi®cant association with declining dermal exposure levels indicates that workers were able to consciously reduce their inhalable exposure but not their dermal contamination.
The remarkably similar drop in inhalable particulate and dermal exposure levels concurrently with comparable results regarding the eectiveness of control measures indicates a relation between inhalable and dermal contamination levels in the rubber manufacturing industry. Dermal exposure can occur through direct contact with sources or contaminated surfaces and deposition of particulates on the skin (Schneider et al., 1999) . Therefore, reduction of inhalable exposure concentrations will directly reduce dermal exposure levels as a result of reduced deposition of contaminants on the skin. However, direct contact with warm rubber products and contaminated surfaces is thought to be the primary route for dermal contamination in the rubber industry (Kromhout et al., 1994) . Nevertheless, it is plausible that a reduction in inhalable particulate exposure will result in a decline in surface contamination, which will indirectly reduce the contamination of the skin as a result of contact with less contaminated surfaces.
The industrial agreement, signed by the Ministry of State and the social partners (Convenant, 1995) emphasized the necessity of a source-oriented approach to control occupational hazards. For some particular hazards the convenant ordered speci®c control measures and solutions such as replacement of dusty chemicals. Based on this convenant and the result of the study for improvement of working conditions in the rubber manufacturing industry, many companies have implemented control measures to reduce occupational hazards. Modelling the eectiveness of these control measures showed that these measures explained almost entirely the observed drop in inhalable exposure levels but only partly the drop in dermal exposure levels. To a certain extent this could be explained by the fact that seniority explained about 14% of the reduction in inhalable exposure levels while it did not aect the decline in dermal exposure. Other factors such as type of rubber used, process conditions and individual work practices could not be evaluated but may also have in¯u-enced the decline in dermal contamination.
In conclusion, the results of this study indicate that eorts taken to improve work conditions in the rubber manufacturing industry in The Netherlands over the last decade have been successful in reducing both inhalable particulate and dermal exExposure to inhalable particulate and dermal contamination 353 posure. Whether the observed decline in exposure levels reduces the observed genotoxic risks in this particular industry remains to be seen.
